ABSTRACT OBJECTIVES This study examined the association of BMI repeatedly measured over 32 years and BMI during early and mid-adulthood with risk of sudden cardiac death (SCD) in the Nurses' Health Study.
data regarding the association between BMI and SCD have been conflicting. Obesity has been associated with higher risk of SCD in some studies (5) (6) (7) (8) , but not in others (9, 10) . Aging alters body composition (11) , and age may modify the relationship between BMI and risk of SCD. For example, BMI was linearly associated with risk of SCD in middle-aged persons (7, 8) .
In contrast, BMI was associated with SCD in a U-shaped fashion among older men and women, and the nadir in risk occurred in the overweight range (6) .
In this investigation, we quantified the associ- The overall follow-up rate was 96% through 2013.
The baseline for this analysis was 1980 when information on weight at age 18 years and important potential confounders (diet and physical activity) were first reported (n ¼ 92,468 women). We excluded women with a history of cardiovascular disease (CVD) and cancer (n ¼ 5,076) or missing information on age (n ¼ 46), current weight (n ¼ 560), or diet (n ¼ 439) at baseline. We excluded women who were underweight (BMI <18.5 kg/m 2 ) during follow-up (n ¼ 12,781)
or who had chronic obstructive pulmonary disease (n ¼ 980), Parkinson disease (n ¼ 6), or multiple sclerosis (n ¼ 96) at baseline to reduce potential reverse causation due to underlying illness. The final analysis included 72,484 women.
EXPOSURE ASSESSMENT. We calculated BMI as weight in kilograms divided by height in meters squared (kg/m 2 ). Self-reported adult height and weight were ascertained on the 1976 questionnaire.
Self-reported weight was highly correlated with directly measured weight in a previous validation study (r ¼ 0.96) (13) . Women reported weight at age 18 on the 1980 questionnaire (<1% missing). This recalled weight was highly correlated with measured weight from physical examination records during that period (r ¼ 0.87) (14) .
OUTCOME ASSESSMENT. The primary study endpoint was SCD and specific details for the We excluded women with evidence of circulatory collapse (hypotension, exacerbation of congestive heart failure, or neurologic dysfunction) before the disappearance of the pulse to increase the specificity for an "arrhythmic" death (15) . SCDs were defined as probable if the death was unwitnessed or occurred during sleep where the participant was documented to be symptom-free when last observed within the preceding 24 h without obvious extracardiac cause.
We included both definite and probable cases in our analysis because results were not altered when we excluded probable cases.
The secondary endpoints were fatal CHD and nonfatal myocardial infarction (MI 
Chiuve et al. Cox proportional hazards models, adjusting for potential confounders. In secondary models, we also adjusted for potential mediators (hypertension, high cholesterol, diabetes, and congestive heart failure)
as time-varying covariates.
Finally, we examined the relationship among BMI at age 18, BMI at study baseline (1980), and weight gain during this timeframe and risk of SCD. In these analyses, we adjusted for covariates from the 1980
questionnaire. In the analysis of early adulthood weight gain, we additionally adjusted for BMI at age 18. We evaluated whether BMI measured at baseline provided information on SCD risk beyond current BMI by conducting a likelihood ratio test that compared multivariable models of current BMI with and without BMI at baseline.
All statistical analysis was performed using SAS software, version 9 (SAS Institute Inc., Cary, North Carolina), and a p value <0.05 was considered statistically significant.
RESULTS
The prevalence of overweight and obesity increased during follow-up ( Figure 1 ). CURRENT BMI AND RISK OF SCD. When updated biennially, higher BMI was associated with greater Chiuve et al.
Adiposity and Sudden Cardiac Death Values are N, mean AE SD, or n (%) and are standardized to the age distribution of the study population. *Moderate to vigorous intensity (activities >4 metabolic equivalents).
BMI ¼ body mass index; MI ¼ myocardial infarction; PUFA ¼ polyunsaturated fat. Figure 2 ). Women with a BMI $30.0 kg/m 2 at age 18 had a significantly elevated risk of SCD after adjusting for potential confounders and mediating factors. Furthermore, the magnitude of association was larger when BMI was assessed at baseline or age 18 compared with BMI updated during follow-up ( Figure 2) . Additionally, weight gain in early to mid-adulthood (age 18 years to Values are n or relative risk (95% confidence interval). *Model 1: adjusted for age; calendar time; smoking; physical activity; alcohol; total energy intake (kcal/d); family history of MI; current use of hormone therapy; menopausal status; aspirin use; multivitamin; intake of saturated fat, n-3 polyunsaturated fat, n-6 polyunsaturated fat, and magnesium (all updated throughout follow-up); and history of diabetes, hypercholesterolemia, and hypertension at baseline (1980) . †Potential mediating factors: incident high cholesterol, hypertension, diabetes, angina, congestive heart failure, and nonfatal MI (all updated throughout follow-up). ‡Model 2: adjusted for age; calendar time; smoking; physical activity; alcohol; total energy intake (kcal/day); family history of MI; current use of hormone therapy; menopausal status; aspirin use; multivitamin; intake of saturated fat, n-3 polyunsaturated fat, n-6 polyunsaturated fat, and magnesium (all updated throughout follow-up); and history of diabetes, hypercholesterolemia, and hypertension at baseline (1980). §Potential mediating factors: incident high cholesterol, hypertension, diabetes, angina, congestive heart failure, and angina (all updated throughout follow-up).
CHD ¼ coronary heart disease; CI ¼ confidence interval; SCD ¼ coronary heart disease; other abbreviations as in Table 1 .
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Adiposity and Sudden Cardiac Death BMI was associated with risk of total fatal CHD risk, albeit weaker in magnitude compared with SCD.
Furthermore, this association was attenuated completely when we adjusted for potential mediators.
The association between BMI and fatal events was Jshaped, with potential elevated risks at low BMI categories. In contrast, BMI was linearly associated with nonfatal MI risk. BMI earlier in adulthood was most strongly associated with SCD. Furthermore, weight gain of $20 kg during early to mid-adulthood was associated with a 2-fold greater risk of SCD.
These findings suggest that the timing of BMI assessment plays a critical role in determining its relationship to SCD risk and may contribute to the inconsistencies seen in other populations (5-10).
These results are highly consistent with patterns reported for BMI (20, 21) and weight gain (22) in early compared with later adulthood and risk of all-cause mortality. Additionally, our results support the hypothesis that obesity may be a stronger risk factor for SCD in middle-aged versus older populations (23) .
Notably, BMI measured at baseline was strongly associated with risk of SCD, even after accounting for current BMI. Therefore, excess weight or substantial weight gain may have an early and/or cumulative impact on SCD risk that is not completely negated by weight loss later in life. These findings highlight the necessity of maintaining a healthy weight throughout adulthood to minimize SCD risk. Models adjusted for age; calendar time; smoking; physical activity; alcohol; total energy intake (kcal/day); family history of MI; current use of hormone therapy; menopausal status; aspirin use; multivitamin; intake of saturated fat, n-3 polyunsaturated fat, n-6 polyunsaturated fat, and magnesium (all updated throughout followup); and history of diabetes, hypercholesterolemia, and hypertension at baseline. Data were fitted by a restricted cubic spline Cox proportional hazards model. The 95% confidence intervals are indicated by the dashed lines. The models were based on 445 cases. The models for BMI at age 18 years were based on 339 cases and exclude women with BMI <18.5 kg/m 2 and BMI >50.0 kg/m 2 . CI ¼ confidence interval. SCD ¼ sudden cardiac death; other abbreviations as in Figure 1 .
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When we updated BMI throughout follow-up, the In previous reports from this population, BMI was positively and linearly associated with BMI and risk of total CHD (19) . In the present study, the linear association was limited to nonfatal MI, whereas the association for fatal CHD was J-shaped, similar to SCD.
The differential association for nonfatal versus fatal CHD is consistent with results reported in another prospective study of women (3) . The excess risk associated with current overweight and obesity for all 3 endpoints was attenuated when we controlled for intermediary CHD risk factors. However, the magnitude of risk for fatal and nonfatal CHD was attenuated to a greater degree, and the risk of fatal CHD was no longer significant after adjustment for these risk factors. Therefore, excess body weight likely influences both CHD and SCD risk through atherosclerotic pathways and adverse effects on blood pressure, lipids, and insulin resistance (26) .
Women with BMI $35.0 kg/m 2 had a significantly Values are n or relative risk (95% confidence interval). *Model adjusted for age; calendar time; smoking; physical activity; alcohol; total energy intake (kcal/day); family history of MI; current use of hormone therapy; menopausal status; aspirin use; multivitamin; intake of n-3 and n-6 polyunsaturated fat, saturated fat, and magnesium; and history of diabetes, hypercholesterolemia, and hypertension (all at baseline). †Potential mediating factors: incident high cholesterol, hypertension, diabetes, angina, congestive heart failure, and nonfatal MI (all updated throughout follow-up).
Abbreviations as in Tables 1 and 2 . Values are n or relative risk (95% confidence interval). *Model adjusted for age; calendar time; smoking; physical activity; alcohol; total energy intake (kcal/day); family history of MI; current use of hormone therapy; menopausal status; aspirin use; multivitamin; intake of n-3 and n-6 polyunsaturated fat, saturated fat, and magnesium; and history of diabetes, hypercholesterolemia, and hypertension (all at baseline). †Potential mediating factors: incident high cholesterol, hypertension, diabetes, angina, congestive heart failure, and nonfatal MI (all updated throughout follow-up). ‡Three cases of SCD occurred among women who were missing BMI at age 18 years. Tables 1 and 2 .
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